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SPUTTERING APPARATUS AND
SPUTTERING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2020-188284 filed on Nov. 11, 2020, the entire

contents of which are imncorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a sputtering apparatus
and a sputtering method.

BACKGROUND

In a sputtering apparatus used 1n a semiconductor device
manufacturing process, a target made of a film forming
material 1s disposed 1n a vacuum chamber, and an electric
field 1s generated on a bottom surface side of the target to
generate plasma. Such a sputtering apparatus 1s configured
to sputter the target using ions in the plasma.

Japanese Patent Application Publication No. 2004-
534133 discloses that when a target 1s sputtered, a small
movable magnet 1s disposed behind the target to move an
crosion area generated by the sputtering, so that local
excessive heating or melting of the target can be prevented.

SUMMARY

The present disclosure provides a technique capable of
preventing abnormal film formation 1n a sputtering appara-
tus.

One aspect of the present disclosure provides sputtering
apparatus comprising;

a vacuum chamber in which a substrate 1s located;

a target having one surface facing an inner surface of the
vacuum chamber:;

a gas supplier configured to supply a gas for generating
plasma in the vacuum chamber;

a power supplier configured to supply a power to the
target to generate the plasma, sputter the target, and form a
film on the substrate; and

an abnormality detector configured to detect abnormality
caused by a temperature of the target.

BRIEF DESCRIPTION OF THE

DRAWINGS

The objects and features of the present disclosure will
become apparent from the following description of embodi-
ments, given 1 conjunction with the accompanying draw-
ings, in which:

FIG. 1 1s a vertical cross-sectional view of a magnetron
sputtering apparatus ol a present disclosure;

FIG. 2 schematically showing a target electrode in a
normal state;

FIG. 3 schematically shows a target electrode 1n which a
target 1s peeled off;

FI1G. 4 1s a configuration diagram showing a controller of
the magnetron sputtering apparatus;

FIG. 5 1s a time chart explaining detection of abnormality
based on a current detection value; and

FIG. 6 1s a time chart explaining detection of abnormality
based on a torque detection value.

DETAILED DESCRIPTION

A magnetron sputtering apparatus 1 that 1s a sputtering
apparatus according to an embodiment of the present dis-
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2

closure will be described with reference to the drawings.
FIG. 1 1s a longitudinal side view of the magnetron sput-
tering apparatus 1. In FIG. 1, a reference numeral 11 denotes
a vacuum chamber that 1s made of, e.g., aluminum and 1s
grounded. In FIG. 1, a reference numeral 12 denotes a
transier port for a semiconductor water (hereinatter, referred
to as “walfer”) 100 as a substrate. The transier port 12 1s
opened on a sidewall of the vacuum chamber 11. The
transier port 12 1s opened and closed by an opening/closing
mechanism 13.

A circular stage 21 that 1s a substrate support 1s disposed
in a vacuum chamber 11, and a water 100 1s placed thereon
horizontally. One end of a shait portion 22 extending 1n a
vertical direction 1s connected to a central portion of a back
surface of the stage 21. The other end of the shait portion 22
extends to the outside of the vacuum chamber 11 via a
bearing 14 disposed at a bottom portion of the vacuum
chamber 11, and 1s connected to a rotation mechanism 23.
The stage 21 1s configured to be rotatable about a vertical
axis via the shaft portion 22 by the rotation mechanism 23.

A heater (not shown) 1s disposed 1n the stage 21 to heat the
waler 100 to a predetermined temperature during film for-
mation. Further, the stage 21 1s provided with a protruding
pin (not shown) for transferring the water 100 between the
stage 21 and an external transfer mechanism (not shown) of
the vacuum chamber 11.

An exhaust port 31 1s opened at a bottom portion of the
vacuum chamber 11. One end of an exhaust line 32 1s
connected to the exhaust port 31, and the other end of the
exhaust line 32 1s connected to an exhaust pump 33. In FIG.
1, a reference numeral 34 denotes an exhaust amount
adjusting mechanism disposed 1n the exhaust line 32. A gas
nozzle 35 that 1s a gas supplier for plasma generation 1s
disposed at an upper portion of a sidewall of the vacuum
chamber 11, and the gas nozzle 35 1s connected to a gas
supply source 36 in which an inert gas such as Ar or the like
1s stored. A reference numeral 37 in FIG. 1 denotes a tlow
rate adjusting unit including a mass flow controller, and
controls the amount of Ar gas supplied from the gas supply
source 36 to the gas nozzle 35.

A rectangular opening 41 1s formed at a ceiling of the
vacuum chamber 11, and an insulating member 42 1s dis-
posed along an edge of the opening 41 on the 1nner side of
the vacuum chamber 11. A holding portion 43 1s disposed
along the insulating member 42, and a target electrode 40
having a rectangular plate shape 1 plan view 1s disposed on
an mner peripheral side of the holding portion 43 to close the
opening 41. The target electrode 40 1s disposed obliquely
with respect to the waler 100 such that a long side thereof
descends from an inner side toward an outer side of the
waiter 100.

The target electrode 40 includes a target 46 forming a film
forming material, a channel forming portion 45, and an
adhesive layer 47. The target 46 faces an inner surface of the
vacuum chamber 11. The channel forming portion 45 faces
the outside of the vacuum chamber 11. The targets 46 and
the channel forming portion 45 are adhered to each other via
the adhesive layer 47. The target 46 1s made of a matenal,
¢.g., titamum (11), tungsten (W), tantalum (Ta), or the like.
The adhesive layer 47 1s made of, e¢.g., indium. The channel
forming portion 45 has therein a coolant channel 60 formed
in, e.g., a curving and winding (serpentine) shape from one
end toward the other end, and 1s formed by bonding a thick
plate having a groove for forming the channel 60 to another
copper plate so that the upper side of the groove 1s closed.

A cooling water supply line 62 that 1s a coolant supply
path for supplying a coolant, specifically, e.g., cooling water,
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whose temperature has been controlled by a chiller 61 to the
channel 60 i1s connected to one end of the channel 60.
Further, a cooling water discharge line 63 that 1s a coolant
discharge path for returning the cooling water flowing
through the channel 60 to the chiller 61 1s connected to the
other end of the channel 60. Accordingly, a circulation path
in which the cooling water flows from one end of the
channel 60 and returns to the chiller 61 while being dis-
charged from the other end of the channel 60 1s formed. The
temperature of the cooling water 1s adjusted to a predeter-
mined temperature whenever it returns to the chiller 61.

Further, the cooling water supply line 62 1s provided with
a first temperature detector 64 for detecting a temperature of
the cooling water supplied from the chiller 61 to the channel
60. Further, the cooling water discharge line 63 1s provided
with a second temperature detector 65 for detecting a
temperature of the cooling water discharged from the chan-
nel 60 and returned to the chiller 61. The functions of the
first temperature detector 64 and the second temperature
detector 65 will be described 1n detail later.

A power supplier 71 1s connected to the channel forming
portion 45. The power supplier 71 1s controlled to supply a
constant power to the target electrode 40, and generates an
clectric field 1n the vacuum chamber 11. A conductive path
72 that connects the power supplier 71 and the channel
forming portion 45 1s provided with a current detector 73
that 1s a parameter detector for detecting a value of a current
supplied to the target electrode 40. The function of the
current detector 73 will also be described 1n detail later. In
this example, a negative DC voltage 1s applied to the target
clectrode 40 by the power supplier 71. However, an AC
voltage may be applied instead of the DC voltage.

Further, a magnet array 51 1s disposed on a back surface
side of the target electrode 40 when viewed from the watfer
100. The magnet array 51 includes a rectangular support
plate 52 disposed in parallel to the target 46, and a plurality
of magnets 33 constituting a magnetic circuit. The magnet
53 extends from a bottom surface of the support plate 52 1n
a thickness direction of the support plate 52, and a lower end
thereot 1s adjacent to the channel forming portion 45.

As shown 1n FIG. 1, a bracket 54 1s disposed on the
support plate 52 and 1s connected to a moving mechanism
55. The moving mechanism 535 includes, e.g., a ball screw 56
having a screw shait 56 A extending 1n a longitudinal direc-
tion ol the target electrode 40, and a motor 57 that 1s a
rotation mechanism for rotating the screw shaft 56 A around
the axis. The ball screw 56 i1s screwed into the bracket 34.
As the motor 57 rotates 1n forward and reverse directions,
the magnet array 51 reciprocates along an upper surface of
the target electrode 40 between one end side (upper end side)
and the other end side (lower end side) of the target 46.
Accordingly, it 1s possible to control the distribution of the
amount of sputtering on the surface of the target 46 and
prevent local sputtering of the target 46.

The rotation speed of the motor 57 i1s changed by the
amount ol current supplied from a power supplier (not
shown). When the magnet array 31 repeatedly moves on a
reciprocating movement path, the operation of the motor 57
1s controlled such that the moving speed becomes constant
at the same position on the reciprocating movement path. In
other words, when viewed from a certain position on the
reciprocating movement path, the magnet array 51 passes
through the corresponding position at a constant speed even
in the case of processing another wafer 100 and even at
different timings during processing ol one water 100. For
example, the operation of the motor 37 1s controlled such
that the speed of the magnet array 51 becomes constant at
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positions other than both ends where acceleration/decelera-
tion 1s required on the reciprocating movement path. The
motor 57 1s connected to the ball screw 56 through a torque
detector 58 that 1s a load detector, and the torque of the
motor 57 at the time of rotating the screw shaft 56A can be
detected.

Next, the processing of the wafer 100 1n the above-
described magnetron sputtering apparatus 1 will be
described. First, the transier port 12 of the vacuum chamber
11 1s opened, and the water 100 1s delivered to the stage 21
by cooperation of an external transfer mechanism (not
shown) and an upthrust pin (not shown). Then, the transfer
port 12 1s closed, and Ar gas 1s supplied into the vacuum
chamber 11. Further, an exhaust amount 1s controlled by the
exhaust adjusting mechanism 34, so that a pressure 1n the
vacuum chamber 11 1s set to a vacuum atmosphere of a
desired pressure. The cooling water circulates through the
channel 60 of the target 46, so that a temperature of the target
46 1s adjusted.

Then, the stage 21 rotates around the vertical axis, and the
magnet array 51 reciprocates on the target 46 by the moving
mechanism 55. Then, a negative DC voltage 1s applied from
the power supplier 71 to the target electrode 40, so that an
clectric field 1s generated around the target electrode 40.
Electrons accelerated by the electric field thus generated
collide with the Ar gas, so that the Ar gas 1s 1onized. New
clectrons are generated by the 1onization of Ar gas. On the
other hand, the magnet 53 generates a magnetic field along
the surface of the target 46 where the magnet 53 1s located.

Then, the electrons are accelerated and drifted by the
clectric field near the target 46 and the magnetic field. Then,
the electrons having suflicient energy due to the acceleration
turther collide with the Ar gas, so that the Ar gas 1s 10n1zed
to generate plasma, and the target 46 1s sputtered by Ar 1ons
in the plasma. Further, secondary electrons generated by the
sputtering are captured by the horizontal magnetic field and
contribute to 1omization again. Accordingly, the electron
density 1s 1increased and the density of the plasma 1is
increased.

The sputtered particles of the target 46 are adhered to the
waler 100, thereby forming a film on the water 100. When
a predetermined time elapses after the power supplier 71 1s
turned on, the power supplier 71 1s turned off to stop the
plasma generation and stop the Ar gas supply. Further, the
waler 100 1s unloaded from the vacuum chamber 11 1n a
reverse sequence of the loading operation. Then, subsequent
walers 100 are sequentially transferred to the magnetron
sputtering apparatus 1, and subjected to the same processing
as the above-described processing.

In such a sputtering apparatus, it 1s required to 1ncrease a
throughput. Therefore, 1t 1s considered to relatively increase
the power supplied to the target electrode 40 to promote the
ionization of Ar 1ons so that the film forming rate (the
amount of film formation per unit time) becomes relatively
high. Specifically, for example, 1t 1s considered to supply the
power to the target 46 such that the area of the target 46
becomes 50 W/cm2 or more.

However, 11 the target 46 1s made of the above-described
material having a relatively low thermal conductivity, e.g.,
T1, W, Ta, or the like, the heat generated by supplying the
high power tends to stay in the target 46. In other words, the
heat exchange between the cooling water flowing through
the channel 60 of the target 46 and the target 46 1s not
sulliciently performed, so that the temperature of the target
46 becomes relatively high. When the temperature of the
target 46 increases, the target 46 may melt and fall onto the
water 100, or a void may be formed 1n the target 46 due to
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the change 1n the size of particles forming the target 46. It
1s known from experience that when sputtering 1s performed
in a state where a void 1s formed, particles tend to be mixed
in the film formed on the water 100.

Each of the first temperature detector 64, the second
temperature detector 65, the current detector 73, and the
torque detector 58 1s provided to indirectly detect abnor-
mality (melting, change in the size of a constituent particle)
caused by the temperature of the target 46 and prevent
abnormal processing of the water 100.

Among the above-described detectors, the first tempera-
ture detector 64, the second temperature detector 65, and the
torque detector 58 detect abnormality when the target 46 1s
peeled off from the channel forming portion 45 due to the
high temperature of the target 46. The peeling off of the
target 46 will be described with reference to FIGS. 2 and 3.
FIGS. 2 and 3 illustrate a target electrode 40 1n a normal
state 1n which the target 46 1s not peeled off, and a target
clectrode 40 1n a state in which the target 46 1s peeled off,
respectively. When the target 46 reaches a high temperature,
a part of the adhesive layer 47 1s melted. Then, a portion of
the target 46 where the adhesive layer 47 1s melted 1s bent
due to the weight of the target 46 and separated from the
channel forming portion 45.

In the target electrode 40 1n the normal state shown in
FIG. 2, the entire back surface of the target 46 1s 1n contact
with the channel forming portion 45 via the adhesive layer
47, and the entire back surface 1s cooled by the cooling
water. On the other hand, 1n the target electrode 40 1n which
the target 46 1s peeled ofl as shown 1n FIG. 3, the contact
area between the channel forming portion 45 and the target
46 1s smaller than that in the normal state due to the peeling
ofl. Therefore, it 1s not possible to cool the entire back
surface of the target 46, and the amount of heat removed
from the target 46 by the cooling water 1s reduced. Accord-
ingly, the temperature of the cooling water tflowing through
the cooling water discharge line 63 becomes relatively low.

Theretfore, the first temperature detector 64 detects the
temperature of the cooling water before the heat of the target
46 1n the cooling water supply line 62 1s removed, and the
second temperature detector 65 detects the temperature of
the cooling water whose temperature has increased by
removing the heat of the target 46 1n the cooling water
discharge line 63. More specifically, the difference between
a second temperature detection value detected by the second
temperature detector 65 and a {first temperature detection
value detected by the first temperature detector 64 1s
acquired. As described above, the diflerence thus calculated
changes when the target 46 1s peeled off and the amount of
removed heat changes. In other words, 1t 1s possible to detect
the peeling off caused by the high temperature of the target
46 based on the difference, and also possible to detect
whether or not the melting of the target 46 and the abnormal
particle size, which are considered to be caused by the
peeling off, have occurred.

If the vanation in the temperature of the cooling water
supplied from the chiller 61 to the cooling water supply line
62 1s relatively small, the abnormality can be detected using
only the detection value obtained by the second temperature
detector 65 without using the first temperature detector 64.
In other words, the first temperature detector 64 for detecting
abnormality with higher accuracy may not be provided.

Next, the function of the torque detector 58 will be
described 1n detail. According to Lenz’s law, when a magnet
1s close to a metal, lines of magnetic force are generated
around the metal, and the magnet moves against the mag-
netic field generated by the lines of magnetic force. There-
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fore, When the target 46 1s peeled ofl as described above, the
peeled-ofl portion 1s separated from the magnet array 51 and
thus 1s less likely to be aflected by the action of the magnet
53. Accordingly, when the magnet array 51 passes the
vicinity of the peeled-ofl portion, the peeled-ofl portion 1s
less imnvolved in the formation of the magnetic field, and the
magnetic field 1s generated mainly by the channel forming
portion 45 that 1s a copper plate. As the metal that generates
the magnetic field becomes smaller (thinner), the action of
the magnetic field 1s reduced.

As described above, the magnet array 51 1s controlled to
pass through each position on the reciprocating movement
path at a predetermined speed. Thus, when the target 46 1s
peeled ofl, the torque of the motor 57 acquired when the
magnet array 51 passes the vicinity of the peeled-oil portion
becomes smaller than the torque acquired before the peeling
ofl occurs. Accordingly, as in the case of using the detection
values of the first temperature detector 64 and the second
temperature detector 65, 1t 1s possible to detect the peeling
ofl of the target 46, and further to detect whether or not the
melting of the target 46 and the abnormal particle size have
occurred using the detection value of the torque detector 58.

Next, the function of the current detector 73 will be
described. Although the power supplier 71 supplies a con-
stant power to the target 46 as described above, a relatively
high current supplied to the target 46 at that time 1s corre-
lated with the occurrence of melting of the target 46. It 1s
considered that this 1s because when the target 46 1s melted,
the amount of secondary electrons (electrons emitted by the
sputtering of the target 46) from the target 46 increases.
Hence, whether or not the abnormality has occurred due to
the melting of the target 46 can be detected from the
detection result of the current detector 73.

The detection values of the first temperature detector 64,
the second temperature detector 65, the current detector 73,
and the torque detector 38 are displayed on, e.g., a display
unit such as a display, and an operator can detect whether or
not the abnormality caused by the temperature of the target
46 has occurred from the display of the detection values. The
operator can prevent abnormal processing of the water 100
by performing operations such as stopping the operation of
the apparatus or stopping the loading of the water 100, 1
necessary.

Next, an example 1n which detection signals correspond-
ing to the detection values of the first temperature detector
64, the second temperature detector 65, the current detector
73, and the torque detector 58 are outputted to the controller
9 of the magnetron sputtering apparatus 1 shown 1n FIG. 1
and abnormality caused by the temperature of the target 46
1s detected by the controller 9 will be described.

FIG. 4 15 a block diagram showing the controller 9 that 1s
a computer. The controller 9 corresponding to first to third
detection mechanisms includes a CPU 91, a memory 92, and
a program 93. In FIG. 4, a reference numeral 90 denotes a
bus that i1s connected to the CPU 91, the memory 92, a
storage 94 storing the program 93, the first temperature
detector 64, the second temperature detector 65, the current
detector 73, and the torque detector 58. The control signal 1s
transmitted from the controller 9 to the respective units of
the magnetron sputtering apparatus 1 by the program 93.
The program 93 includes instructions so as to control the
operations such as the movement of the magnet array 51, the
rotation of the stage 21, the supply of Ar gas, the on/off of
the power supplier 71, and the like and perform the film
formation on the water 100 using the control signal. Further,
the program 93 detects the abnormality caused by the
temperature of the target 46. In other words, the program 93
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includes the first to third detection mechanisms. The pro-
gram 93 1s stored 1n the storage 94 while being stored 1n a
storage medium 93 A, and 1s installed 1n the controller 9. The
storage medium 93 A 1s, e.g., a compact disc, a hard disk, a
magneto-optical (MO) disk, a memory card, or a DVD.

The memory 92 includes a temperature data storage 92A
in which the values detected by the first and second tem-
perature detectors 64 and 65 are stored, a current data
storage 92B in which the value detected by the current
detector 73 1s stored, and a torque data storage 92C 1n which
the value detected by the torque detector 58 1s stored. The
current data storage 92B and the torque data storage 92C
correspond to a first storage and a second storage, respec-
tively. As will be described later, the current detector 73 and
the torque detector 58 detect abnormality using a detection
value obtained at a certain timing and a detection value
obtained at another timing earlier than the certain timing.
Therefore, at least the current data storage 92B and the
torque data storage 92C store multiple detection values
obtained at different timings.

An alarm output unit 95 1s connected to the bus 90. The
control signal 1s outputted such that the alarm output unit 935
operates depending on an abnormality determination result
to be described later. Specifically, an alarm 1s outputted
using voice or screen display to notily the operator that
abnormality has occurred.

Hereinalter, an example of an abnormality detection
method using the respective detectors will be described.
First, the abnormality detection using the first and second
temperature detectors 64 and 65 will be described. As
described above, the controller 9 detects the detection sig-
nals outputted from first temperature detector 64 and the
second temperature detector 63 at an arbitrary timing during
the period 1 which the power 1s supplied from the power
supplier 71 to process the water 100 and plasma 1s gener-
ated. Then, a first temperature detection value T1 obtained
from the first temperature detector 64 and a second tem-
perature detection value 12 obtained from the second tem-
perature detector 65 are stored in the memory 92, and the
difference therebetween (12-T1) 1s calculated. When the
target 46 1s peeled ofl, the second temperature detection
value T2 of the cooling water 1n the discharge line becomes
relatively low as described above, so that the difference
(12-T1) becomes a relatively small value. The controller 9
compares the difference (12-T1) with a preset threshold
value. When the difference 1s higher than the threshold
value, 1t 1s determined to be normal. When the difference 1s
lower than the threshold value, 1t 1s determined that abnor-
mality has occurred.

Next, the abnormality detection using the current detector
73 will be described. As described above, when the target 46
1s melted by heat, the current supplied to the target electrode
40 1increases. However, even 1f the abnormality has not
occurred, the current supplied to the target electrode 40
tends to be increased when the magnetron sputtering appa-
ratus 1 continues to operate and the target 46 1s consumed.
Therefore, the increase 1 the current due to the melting of
the target 46 1s detected so that 1t can be distinguished from
the increase 1n the current due to consumption of the target
46.

For better understanding of the description, the graph
shown 1 FIG. 5§ schematically illustrates temporal changes
of the current 1n the case where the current detector 73
detects the current whenever the water 100 1s processed by
the magnetron sputtering apparatus 1. It 1s assumed that the
water 100 1s loaded 1nto the magnetron sputtering apparatus
1 and processed at substantially regular intervals. Whenever
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the processing 1s performed, the target 46 i1s gradually
consumed, and the detected current value 1s gradually
increased as the number of detection i1s increased. As the
processing 1s repeated, the heat 1s stored 1n the target 46, and
the target 46 1s melted by the temperature increase. When the
melting occurs, the detected current value increases
abruptly.

Therefore, for example, the controller 9 acquires the
current value as a parameter using the current detector 73 at
an arbitrary timing aiter the start of the processing on the
waler 100 (referred to as “first water 100”) and stores 1t in
the memory 92. Then, the controller 9 acquires the current
value using the current detector 73 at the same timing 1n the
case of processing a next water 100 (referred to as “second
waler 100”) loaded into the apparatus and stores it 1n the
memory 92. Then, the difference between the current value
obtained at the time of processing the second water 100 and
the current value obtained at the time of processing the first
waler 100 1s calculated. The controller 9 compares the
difference with a preset threshold value. When the difference
1s smaller than the threshold value, 1t 1s determined to be
normal. When the difference 1s greater than or equal to the
threshold value, 1t 1s determined that abnormality has
occurred. Since the current value also changes due to the
consumption of the target 46 as described above, the thresh-
old value 1s set to a relatively large value to deal with an
abrupt increase caused by the melting of the target 46.

The current values may be acquired whenever the water
100 1s processed to obtain the difference therebetween, and
the difference may be compared with the threshold value as
described above. Alternatively, the current values may be
acquired whenever the processing i1s performed multiple
times to obtain the difference therebetween, and the difler-
ence may be compared with the threshold value. In other
words, the first water 100 and the second water 100 may be
or may not be consecutively loaded 1nto the apparatus. For
example, the difference between the average value of several
current values acquired during one period and the average
value of several current values acquired during another
period later than that may be calculated and compared with
the threshold value. The acquired detection value may be set
in an arbitrary manner.

Next, the abnormality detection using the torque detector
58 will be described. As described above, the detected
torque 1s reduced due to the peeling off of the target 46.
However, even 1f the abnormality has not occurred, as the
magnetron sputtering apparatus 1 continues to operate and
the target 46 1s consumed, the action of the magnetic field
generated by the target 46 1s weakened and the torque tends
to be gradually decreased. Therefore, the decrease in the
torque due to the peeling off of the target 46 1s detected so
that 1t can be distinguished from the change in the torque due
to the consumption of the target 46.

For better understanding of the description, the graph of
FIG. 6 schematically illustrates temporal changes of the
torque 1n the case where the torque detector 58 detects the
torque whenever the water 100 1s processed by the magne-
tron sputtering apparatus 1. In this case as well, 1t 1s assumed
that the wafter 100 1s loaded into the magnetron sputtering
apparatus 1 and processed at substantially regular intervals.
Whenever the processing 1s performed, the target 46 1is
gradually consumed, and the detected torque 1s gradually
decreased as the number of detection i1s increased. As the
processing 1s repeated, the heat 1s stored 1n the target 46, and
the target 46 1s melted by the temperature increase. When the
melting occurs, the torque decreases abruptly.
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Therefore, for example, the controller 9 acquires the
torque detection value using the torque detector 58 at an
arbitrary timing after the start of the processing of the water
100 (referred to as “first water 100’) and stores 1t 1n the
memory 92. Then, the controller 9 acquires the torque
detection value using the torque detector 38 at the same
timing in the case of processing a next waler 100 (referred
to as “second water 100”) loaded into the apparatus and
stores 1t in the memory 92. Then, the difference between the
detection value at the time of processing the first water 100
and the detection value at the time of processing the second
waler 100 1s calculated. The controller 9 compares the
difference with a preset threshold value. When the difference
1s smaller than the threshold value, 1t 1s determined to be
normal. When the difference 1s greater than or equal to the
threshold value, i1t 1s determined that abnormality has
occurred. Since the torque also changes due to the consump-
tion of the target 46 as described above, the threshold value
1s set to a relatively large value to deal with an abrupt
decrease caused by the peeling ofl of the target 46.

As 1 the case of detecting the abnormality using the
current value, 1t 1s not necessary to acquire the torque for
calculating the difference to be compared with the threshold
value for each processing, and the difference between the
average values obtained during different periods may be
compared with the threshold value. The detection value of
the torque may be set 1n an arbitrary manner. Although the
example of acquiring the detection values for each water has
been described, it 1s also possible to acquire the detection
values at different timings during the processing of one
waler 100 and compare the diflerence therebetween with the
threshold value.

When the target 46 1s peeled off, the torque acquired when
the magnet array 31 passes the vicinity the peeled-off portion
becomes lower than that in a normal state. However, the
torque acquired when the magnet array 51 passes a position
relatively distant from the peeled-ofl portion may be sub-
stantially the same as that in the normal state. Therefore, 1n
order to improve the accuracy of abnormality detection, the
torques are acquired when the magnet array 51 passes
multiple positions on the reciprocating movement path.
Then, the abnormality detection may be performed for each
position where the torque 1s acquired using the detection
value at the time of processing the first water 100 and the
detection value at the time of processing the second wafer
100 as described above.

When one or more of the detection results of the first and
second temperature detectors 64 and 63, the current detector
73, and the torque detector 38 are determined to be abnor-
mal, the program 93 determines that abnormality has
occurred due to the temperature, and outputs an alarm. The
operation of the apparatus may be stopped when the alarm
1s outputted.

As described above, 1n accordance with the magnetron
sputtering apparatus 1, the abnormality caused by the tem-
perature of the target 46 can be detected using the first
temperature detector 64, the second temperature detector 65,
the current detector 73, and the torque detector 58 consti-
tuting the abnormality detector. Accordingly, 1t 1s possible to
prevent abnormal processing of the water 100. Although the
case 1n which the abnormality caused by the temperature of
the target 46 includes the melting and the particle size
change and whether or not the target 46 i1s peeled off is
detected to detect such abnormalities has been described, the
present disclosure may be used to detect the peeling off of
the target 46 as the abnormality caused by the temperature.
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In the case of detecting abnormality using the current
detector 73, when the current detected at an arbitrary timing
1s relatively high, 1t may be determined that abnormality has
occurred. Similarly, when the torque detected at an arbitrary
timing by the torque detector 58 is relatively low, 1t may be
determined that abnormality has occurred. In other words, 1t
1s not necessarily that the memory 92 stores the measured
values acquired at different timings. Further, an operator
may perform the above-described abnormality detection
method executed by the controller 9 while looking at the
display unit as described above.

Further, the magnetron sputtering apparatus does not
necessarily have the configuration 1n which the magnet array
51 reciprocates linearly. For example, 1t 1s possible to use a
configuration 1n which a rotation axis extending in a direc-
tion orthogonal to a plane direction of the target 46 1s rotated
by the motor 57, and the magnet array 1s rotated about the
rotation axis to change an magnetic field on a front surface
side (bottom surtace side) of the target 46. Even in that case,
the torque detector may be provided to measure the torque
of the motor 57 or detect the torque of the rotation axis.

The torque as the load of the motor 57 and the current
supplied to the motor 37 are correlated with each other.
Therefore, the abnormality can be detected by detecting the
current instead of the torque.

Further, instead of providing the current detector 73 for
detecting a current supplied to the target electrode 40, a
voltage detector for detecting a voltage applied to the target
clectrode 40 may be provided. Since 1t 1s controlled such that
a constant power 1s supplied to the target electrode 40, the
voltage decreases as the current supphied to the target
clectrode 40 increases. Therefore, when the target 46 1is
melted, the current increases, and the voltage decreases in
response to the increase 1n the current. Accordingly, as 1n the
case of detecting the change 1n the current as described with
reference to FIG. 5, the change in the voltage can be
detected, and the melting of the target 46 can be detected
when the change 1n the voltage exceeds the threshold value.

Further, the sputtering apparatus of the present disclosure
1s not limited to the magnetron sputtering apparatus includ-
ing the magnet array 51. For example, it 1s possible to use
a sputtering apparatus that does not include the magnet array
51 and generates an electric field 1n a vacuum chamber by
the power applied to the target electrode, generates plasma
from an inert gas, and sputters the target with 1ons in the
plasma. Even 1n that case, the abnormality can be detected
by the first temperature detector 64, the second temperature
detector 65, and the current detector 73.

As described above, the embodiments of the present
disclosure are illustrative 1n all respects and are not restric-
tive. The above-described embodiments may be omitted,
replaced, or changed in various forms without departing
from the scope of the appended claims and the gist thereof.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the embodiments described herein may be embodied
in a variety of other forms. Furthermore, various omissions,
substitutions and changes in the form of the embodiments
described herein may be made without departing from the

spirit of the disclosures. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions as would fall within the scope and spirit of the
disclosures.
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What 1s claimed 1s:

1. A sputtering apparatus comprising;:

a vacuum chamber 1n which a substrate 1s located;

a target having one surface facing an mner surface of the
vacuum chamber;

a coolant channel portion forming a channel of a coolant
and disposed on a back surface of the target;

an adhesive layer adhering the target to the coolant
channel portion;

a gas supplier configured to supply a gas for generating
plasma 1n the vacuum chamber;

a power supplier configured to supply a power to the
target to generate the plasma, sputter the target, and
form a film on the substrate;

an abnormality detector configured to detect whether or
not a peeling off of the target from the coolant channel
portion has occurred, the peeling off being caused by
increases 1n temperatures of the target and the adhesive
layer; and

a controller configured to calculate a difference value
between a first parameter value obtained by the abnor-
mality detector at a first detection time and a second
parameter value obtained by the abnormality detector at
a second detection time, and to determine whether or
not the peeling off has occurred by comparing the
difference value with a preset threshold value.

2. The sputtering apparatus of claim 1, wherein the
abnormality detector includes a first temperature detector
configured to detect a temperature of the coolant 1n a
discharge path connected to the channel.

3. The sputtering apparatus of claim 2, wherein the
abnormality detector includes a second temperature detector
configured to detect a temperature of the coolant 1n a supply
path connected to the channel.

4. The sputtering apparatus of claim 3, further compris-
ng:

a first detection mechanism configured to detect whether

or not the peeling off has occurred based on a detection
value obtained by the first temperature detector and a

detection value obtained by the second temperature
detector.
5. The sputtering apparatus of claim 1, further compris-

ng:
a magnet array disposed on the back surface of the target
to perform magnetron sputtering; and
a moving mechamsm configured to move the magnet
array along the back surface of the target,
wherein the abnormality detector includes a load detector
configured to detect a load of the moving mechanism.
6. The sputtering apparatus of claim 5, further compris-
ng:
a second storage configured to store parameters for the
load; and
a third detection mechanism configured to detect whether
or not the peeling off has occurred based on the
parameters for the load acquired at different timings
and stored in the second storage.
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7. A sputtering method comprising;

locating a substrate 1n a vacuum chamber;

supplying a gas for generating plasma into the vacuum
chamber using a gas supplier;

generating the plasma by supplying a power to a target to
form a film on the substrate using the power supplier
and sputtering the target having one surface facing an
inner surface of the vacuum chamber; and

detecting a peeling ofl of the target {from a coolant channel
portion caused by increases in temperatures ol the
target and an adhesive layer via which the target and the
coolant channel portion are adhered to each other,

* 'y

wherein a difference value between a first parameter value
obtained by an abnormality detector at a first detection
time and a second parameter value obtained by the
abnormality detector at a second detection time 1s
calculated, and whether or not the peeling off has
occurred 1s determined by comparing the difference
value with a preset threshold value.

8. A sputtering apparatus comprising:

a vacuum chamber 1n which a substrate 1s located;

a target having one surface facing an mner surface of the
vacuum chamber:;

a coolant channel portion forming a channel of a coolant
and disposed on a back surface of the target;

an adhesive layer adhering the target to the coolant
channel portion;

a gas supplier configured to supply a gas for generating
plasma 1n the vacuum chamber;

a power supplier configured to supply a power to the
target to generate the plasma, sputter the target, and
form a film on the substrate;

an abnormality detector configured to detect whether or
not a melting of the target has occurred, the melting
being caused by increases 1n temperatures of the target
and the adhesive layer; and

a controller configured to calculate a difference value
between a first parameter value obtained by the abnor-
mality detector at a first detection time and a second
parameter value obtained by the abnormality detector at
a second detection time, and to determine whether or
not the melting has occurred by comparing the difler-
ence value with a preset threshold value.

9. The sputtering apparatus of claim 8, wherein the
abnormality detector includes a parameter detector config-
ured to detect, as parameters, a value of a current supplied
to the target by the power supplier or a value of a voltage
applied to the target by the power supplier.

10. The sputtering apparatus of claim 9, further compris-
ng:

a first storage configured to store the parameter; and

a second detection mechanism configured to detect
whether or not the melting has occurred based on the
parameters acquired at different timings and stored in
the first storage.
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